This paper presents the results of tribological tests performed on a T-11 pin-ondisc type, which made it possible to determine the intensity of abrasive wear of *
INTRODUCTION
Resistance to abrasive wear is a crucial parameter in the process of selecting materials for machine parts. Hardness is an indicator for resistance to abrasive wear for steel. However, methods involving a plastic deformation of the surface layer do not always improve wear resistance [L. 1, 2] . This can occur, for instance, in the production of silicate bricks that are made in the process of densifying a calcium-sand mixture. The conditions of mixture densification (high pressure, dry friction) cause intensive wear of matrixes (or their sheeting). Due to high tensions achieved with desirable methods improving hardness, the sheetings constantly feature possibly high hardness without plastic deformation. This can be achieved by applying, e.g., heat or thermo-chemical heat treatment, welding, and alloying [L. 3, 4, 8] . The type of the proper treatment must correspond to a specific type of steel or the desired technological process.
RESEARCH PROCEDURE

The tested material and types of heat-chemical treatment
The research involved 20MnCr5 Chrome Manganese alloy steel intended for carburizing. In an improved state, it is characterised by a significant resistance to abrasive wear [L. [4] [5] [6] . It can be used for large-intersection elements, including the plates of matrixes of silicate products. Its applied parameters can also be significantly improved through thermo-chemical heat treatment.
The analysis of literature [L. [5] [6] [7] [8] [9] [10] [11] [12] and the experiments performed at the Institute of Precision Mechanics in Warsaw lead to the following types of thermo-chemical heat treatment of steel 20MnCr5:  Carburizing,  Boronizing,  Vacuum chromizing, and  Powder pack chromizing.
Each sample, regardless of the type of thermo-chemical heat treatment, was subjected to normalising annealing and tempering.
Carburizing and tempering lead to the creation of a hard surface layer of high resistance to abrasive wear. The time of carburizing (6 h) was selected in such a manner so as to obtain the surface layer of high hardness over 2 mm deep. In this process, which was applied to large-dimension elements [L. 2], the endurance properties of the core change to a minor or to no extent. In the case of samples for tribological studies, the process of carburizing caused carbon saturation in the total volume. High hardness and micro-hardness values shall occur throughout the total thickness of the sample.
Boronizing is another applied method of thermo-chemical heat treatment. The study also involved two methods of diffusion chromizing: vacuum and powder. They both lead to the creation of surface layers of small thickness and hardness reaching 1600 -1800 µHV [L. 11, 12] .
The selected methods were conducted on steel plates 4 mm thick. Table 1 presents the summary of parameters of the performed thermo-chemical heat treatments of steel 20MnCr5 samples. 
Research method and conditions
The usefulness of steel 20MnCr5 upon the chosen thermo-chemical heat treatment for working at high loads was determined based on the results of friction tests. The samples used in the research had a shape of an intersection approximate to a square. The reason for applying such a shape was the technology of performing specific thermo-chemical heat treatments, where: 4-mm-thick plates at the size of 4 x 4 cm were subjected to carburizing, boronizing, and diffusion chromizing. Thus, such plates were used for extracting samples of desirable dimensions. The criterion for choosing the load was the endurance of the silicate disc. The time of the test was estimated at t = 1200 s, i.e. the time that allows for determining the intensity of the wear.
The tests were conducted at unit pressures of p = 1.5 MPa. During the experiment, the value of the frictional force T was registered, which allowed the determination of the frictional coefficient µ using the following:
where: T -frictional force, P -load of the steel sample perpendicular towards the surface of the silicate disc (a counter-sample shown in Fig. 1b) .
The unit pressure p t was calculated based on the following relation:
where: P -force loading the sample, a and b -lengths of the sides of the sample (Fig. 1a) . Measuring the mass of the sample before and after the test made it possible to determine wear intensity based on the following relation: The test stand is composed of a digital amplifier Spider 8 (1), controllers BT-11 and BT-03 (2, 3), sensors and transducers (4), and a computer (5) equipped with software registering the parameters of the experiment. The desired pressure on the sample was performed by means of applied weights. In order to determine wear intensity of the studied materials, before the test, each sample was weighed with a precision down to ten-thousandth parts of a gram with the use of laboratory scales RADWAG.
RESULTS OF THE RESEARCH
Before the friction tests, the hardness of the samples was determined (with Vicker's method) on the improved side of the surface layer of steel 20MnCr5. Table 2 presents the obtained measurements. Carburized, hardened and tempered steel 20MnCr5 744
Boronized, hardened and tempered steel 20MnCr5 794
Vacuum chromizing, hardened and tempered steel 20MnCr5 230
Powder pack chromizing, hardened and tempered steel 20MnCr5 291 Subsequently, metallographic specimens were produced in order to assess the surface layer. Next, the distribution of micro-hardness was determined. Figures 3, 4 , 5, and 6 below present the achieved structures.
At the depth of 0.5 mm, the value of micro-hardness exceeds 1700 µHV, and upon exceeding 0.5 mm, it falls systematically, reaching a value below 1600 µHV at the depth of 2 mm. The obtained micro-hardness in the surface layer is approximately 450 µHV. In its layer carbides (Cr, Fe) are formed. The obtained hardness results from the process of hardening. Due to the temperature and the duration of chromizing process (8 hours) in the total volume of the material, there occurred changes causing the unification of micro-hardness in the surface layer. The obtained value of micro-hardness in the surface layer reaches 450 µHV and falls to the level of ca. 440 µHV from the depth approximately 0.2 mm. This layer is too thin to allow for determining its hardness at the load of HV 0.1. In such a case, the thickness of the layer of carbides and nitrides is too small for this layer to endure high loads during dry friction.
Results of friction tests
Three friction tests were performed for each type of a material. The obtained results were used for determining an average wear intensity I av , an average frictional coefficient µ av and an average frictional force T av . Table 3 presents the results of the tests at unit pressures equalling p t = 1.5 MPa. 
CONCLUSIONS
The conducted tribological tests on wear intensity of specific materials indicate that the highest resistance to abrasive wear is characteristic of steel 20MnCr5 upon boronizing and classic carburizing with hardening. However, boronizing leads to the creation of a very hard surface layer. Its thickness reaches ca. 100 µm.
The samples subjected to vacuum and powder diffusion chromizing featured intensive wear. This corresponds to the thickness of their surface layer that did not exceed 10 µm. Hence, in the conditions of high loads, and dry friction such type of treatment is undesirable.
